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(wherein R is optionally substituted amino; R 1 is hydrogen or 1C to 5C alkyl ; R 2 is hydrogen or a 
conventional hydroxy protective group; R 3 is hydrogen or an imino protective group or imino 
substituent ; R* is 1C to 5C alkyiene ; and R 5 is hydrogen or a conventionaJ carboxy protective group ; X 
is a leaving group ; R 6 is hydrogen or a thiol protective group ; and wavy lines each shows a bond in R or 
S configuration and its salts). 
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This invention relates to novel carfoapenem antibacterials. More specifically, it relates to aminooxypyrrofi- 
dinylthiocarbapenems I and its salts: 



(wherein R is optionally substituted amino; R 1 is hydrogen or 1C to 5C alkyi; R 2 is hydrogen or a conventional 
hydroxy protective group; R 3 is hydrogen or an imino protective group or imino substituent; R 4 is 1C to 5C al- 
ts xylene; and R 5 is hydrogen or a conventional carboxy protective group; and wavy lines each shows a bond in 
R or S configuration). 

Several carbapenem antibacterials having pyrrolidinytthio at position 2 are known {e.g., (5R,6S)-2-[1-(1- 
acetoimidoyl)pyrrolidirv3-yithio}-6-[(^^ acid (CS533), (1R,5S, 

6S)-2-[(3S,5S)-5-dimemytaminocart>ony1pyrrolidir^ 
20 3-carboxylic acid (Meropenem). (IR^S.^^-IS^-dihydro-SH-pyrazoloII^-aHl^^ 

[(1R)-1-hydroxyethylhlHnethyl-1-caj1)a-2-penem-3-cart^ acid (UC-10627), (1R,5S,6S)-2-[(3S.5S)-5- 
methanesurfonylaminomethyl-pyrrolidifv-3-^ 

yiic acid (Japanese Patent Publication Kokai Showa-63-1 79876)}. However, new potent antibacterials are al- 
ways demanded to cope with appearance of new resistant strains of bacteria. 
25 The present invention provides useful carbapenem antf-bacterlals of Formula I having a pyrrolidinytthio 

group substituted by an unique aminooxyalkyi moiety at position 2. Compounds of Formula I are found to have 
excellent antibacterial activity in vitro against Gram-negative bacteria, physico dynamic characteristics, ther- 
apeutical properties in treating bacterial Infections, as well as excellent chemical and metabolic properties In 
vivo. 

30 The followings explain some definitions for the compounds of this invention. 

In this specification, the substituent in the substituted amino R can be a 1C to 10C monovalent amino sub- 
stituent (e.g., alkyi, acyl, alkoxy-carbonyl, optionally substituted carbamoyl, alkylsulfonyf, optionally substituted 
sulfamoyl; especially methyl, acetyl, carbomethoxy, N -methyl carbamoyl, methanesulfonyl, sulfamoyl ) and a 
1C to 10C divalent amino substituent (e.g., alkytidene, cyclic diacyl; especially ethyiid-ene, phthalyf). R may 
35 have one or two of the said monovalent amino substituents or one of the said divalent amino substituents. 

The alkyi is a 1C to 10C straight or branched chain saturated hydrocarbon group (e.g., methyl, ethyl, n- 
propyt, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyi, 1,2-dimethylbutyl, hexyl, 
heptyl, octyl). 



The alkylene is a straight or branched 1C to 5C divalent hydrocarbon group (e.g., methylene, ethylene. 



40 propylene). 

The substituent R 3 is an 1C to 19C imino protective group including a 1C to 8C alkyi (e.g., trichloroethyl, 
methoxyethoxymethyi. tetrahydropyranyl), a 7C to 19C aralkyl (e.g., triphenylmethyl, methoxy benzyl), a 1C to 
8C alkylthio, a 6C to 8C arylthio (e.g., nitrophenylthio), a 1C to 8C acyl [e.g., 1C to 8C aikanoyl (e.g., formyl, 
acetyl, chloroacetyl), a 2C to 8C alkoxycarbonyl (e.g., having methyl, ethyl, cyclopropylmethyl, cydopropyl ethyl, 

45 isoproyl, butyl, isobutyl, hexyl, trichloroethyl, pyridylm ethyl, or cyclohexyl as alkoxy), a 8C to 1 9C araikoxycar- 
bonyl (e.g., that having benzyl, diphenylmethyl, or nitroberrzyl as aralkoxy), a 7C to 12C aroyt (e.g., benzoyl, 
nitrobenzoyi)], a 3C to 9C trtalkytsilyl, 1C to 5C amkJino (e.g., amldlno, dtatkytamidino). or the like. 

The hydroxy protective group is an easily removable 1C to 19C ester forming group [carboxylic acyl, for 
example, lower aikanoyl (e.g., formyl, acetyl, propionyl, prvaloyl). aroyl, e.g., benzoyl, toluoyt, xyloyl), a 2C to 

so 10C alkoxycarbonyl (e.g., t-butoxycarbonyl, cydopropoxy-methoxycarbonyl), an 8C to 15C aralkoxy carbonyl 
(e.g., benzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl)], an easily removable 2C to 
8C ether forming group (e.g., tetrahydropyrayl, tetrahydrofuranyl, methoxymethyl, methoxyethoxymethyi), or 
a 3C to 10C hydrocarbytsQyl (e.g., trimethylsDyfl, triethytsflyl, t-butytdimethylsilyl). 

The carboxy protective group can be one of those for synthetic purposes containing 1Cto 19 carbon atoms 

65 known in this art as those introducable and removable without adverse effect on other parts of th molecule. 
Representative are ester forming group, .g., 1C to 8C alkyt ( .g., methyl, methoxyrrtethyt, ethyl, ethoxymethyl, 
kxJoethyl, propyl, isoproyl, butyl, isobutyl, ethoxyetfiyl, methyl thioethyl, methanesulfbnylethyl, trichJoroethyt. t- 
butyl), 3C to 8Calkenyl(e.g..propeny1,aJryl, prenyl, h xenyl.ph nylpropenyl, dimethyihexenyl), 7Cto 19Carai- 
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kyl (e.g., benzyl, methyl benzyl, dimethyl benzyl, methoxy benzyl, ethoxy- benzyl, nitrobenzyl, aminobenzyl, dh 
phenylmethyl, phenethyl, trityl, di-t-butylhydroxybenzyl, phthalidyl, phenacyl), 6C to 12C aryl ( .g., ph nyl, tolyt, 
diis propylph nyl, xylyl, trichlorophenyl, pentachloro-phenyi, indanyl), 1C to 12C amino ( .g., forming an ester 
with acetone oxime, ace to phe none oxime, acetaldoxime, N-hydroxysucdnimtde, N-hydr-oxyphthalimtde), 1- 
oxygenated-2C to 15C alkyl {e.g., straight, branched, cyclic, or partially cydic alkanoytoxyalkyt (e.g., acetox- 
ymethyl, acetoxyethyl, propionyfoxymethyt, pivaloyloxy methyl, prvaloyloxy ethyl, cy do hexaneacetoxy ethyl, cy- 
dohexanecarbonyloxycydohexyi methyl), 3C to 15Calkoxycarbonyloxyalkyl (e.g., ethoxycarbonyloxyethyl, iso- 
propoxy-carbonyloxyethyl, isopro poxy carbonyioxy propyl, t-butoxycarbonyloxyethyl, isopentyloxycarbonytoxy- 
propyi, cydohexyloxycarbonyloxyethyl, cydohexylmethoxycarbonyloxyethyl, bornyloxycarbonyloxyiso propyl), 
2C to 8C alkoxyalkyl (e.g., methoxymethyl, methoxy ethyl), 4C to 8C 2-oxacydoalkyl (e.g., tetrahydropyranyl, 
tetrahydrofuranyl)}, 8C to 12C araJkyi (e.g., phenacyl, phthalidyl), 6C to 12C aryl (e.g., phenyl, xylyl, indanyl), 
2C to 12C alkenyl (e.g., atlyl, prenyl, 2-oxo-1,3-dioxol-4-ylmethyl) l or the like. 

The salt at R s Is preferably a light metal forming a pharmaceutically acceptable ion conventional in the pen- 
icillin and cephalosporin fields and belonging to group I to III and period 2 to 4 in the Periodical Table, for ex- 
ample, an alkali metal (e.g., sodium, potassium, lithium), alkaline earth metal (e.g., magnesium, calcium), alu- 
minum, or the like. The ammonium salt at R 5 is preferably a salt with 1C to 12C alkylamine (e.g., trimethylamine, 
triethylamtne, methylmorpholine) or a 4C to 9C aromatic base (e.g., pyridine, collidine, picoline, quinoline). The 
acid for the acid addition salt at R or R 3 is a pharmaceutically acceptable mineral acid (e.g., nitric acid, hydro- 
chloric acid, sulfuric add), or 1C to 5C organic acid (e.g., citric acid, succinic add). 

These groups can further be substituted. 

Compounds of formula I are all useful for the purpose of this invention. Especially useful are the folio wings 
and their alkali metal salts in which the stereochemistry in the pyrrolidine ring is (2S,4R>-or (2S, 4S)-: i.e., R 
is amino. R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 6 is hydrogen; R is acetytamino. R 1 is 
methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hydrogen; R is carbomethoxy-amino, R 1 is methyl, 
R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hydrogen; R is metfiylcarbamoylamino, R 1 is methyl, R 2 
and R 3 are hydro-gens, R 4 is methylene, and R 6 is hydrogen; R is methanesulfonylamino, R 1 is methyl, R 2 and 
R 3 are hydrogens. R 4 is methylene, and R 6 is hydrogen; R is sulfamoylamino, R 1 is methyl, R 2 and R 3 are hy- 
drogens, R 4 is methylene, and R 5 is hydrogen; R is methylamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 
is methylene, and R 6 is hydrogen; and R is ethylidene-amino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is 
methylene, and R 5 is hydrogen. 

This invention also provides a method for producing Compounds of formula I by condensing a carbapenem 
of formula V or its reactive derivative with a novel thiol of formula VI (R e = H) or its reactive derivative followed 
by optional de protection or modification. The carbapenem V and novel thiol VI have the following formulas: 



(wherein R, R 1 , R 2 R 3 , R 4 , and R s are as defined above, X is a leaving group, and R« is hydrogen or a thiol 
protective group) The leaving group X in the carbapenem V is conventional in the art and can be a 1C to 8C 
atkanesutfonyloxy (e.g., methanesulfonyloxy, trifluorosulfonyloxy), a 6C to 10C arytsutfonyloxy (e.g., phenyl- 
sutfonytoxy, bromobenzenesulfonyl-oxy, toluenesulfonyloxy). phosphor yloxy (diphenylphosphorytoxy), ora 1C 
to 8C SLdf inyl (e.g., ethylsulf inyl, phenylsutf inyl). The starting carbapenem V or its production is known. 

This Invention further provides a novel pyrrol id t nyl thiol VI, the useful intermediate for produdrtg useful car- 
bapenems. The thiol VI is preparabte from D- or L-hydroxyproline by combining the following steps in an order 
suitable for the conventional reactions: 1) Protecting the ring nitrogen (e.g., t-butoxycarbonyi, p-nttrobenzylox- 
ycarbonyl with the corresponding chloride or anhydride and an organic base), 2) Activating the hydroxy tor sub- 
stitution to thiol (e.g., esteriftcation with alkane or arytsulfbnic add chloride to form a leaving group). 3) Sub- 
stituting the activated hydroxy with a sulfur function (e.g., triphenylmethyithiol with sodium salt), 4) Redudng 
the carboxy to methylol (e.g., with alkali metal borohydride). If required after activation (e.g., esterification with 
lower alkanol), 5) Introdudng an amino group to the methylol (e.g., with N-hydroxyphthalimide). if required fol- 
lowed by deprotection (e.g., with hydrazine) or modification at amino as R to form the desired R*OR group, 
and 6) Deprotecting at the ring R, R 3 , or thiol, if required. Preferable R« is 1C to 10C aJkanoyl (e.g., acetyl, iso- 
butyryi). 7C to 10C aroyl (e,g„ benzoyl, toluoyl). or 7C to 19C araJkyi (e.g., trityl, benzhydryf). 

The carbapenem V and thiol VI are condensed in a conventional manner in an aprotic polar solvent (e.g.. 
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acetonftrile) in the presence of a tert-iary amin (e.g., diisopropylamine) at a low temperature, for example, - 
50 to +30°C (preferably -40 to 10°C ) for 10 minutes to 10 hours (preferably 30 minutes to 5 hours). 

The product is subjected to deprotection, modification at the ring nitrogen, etc. to obtain the desired Com- 
pounds of formula I. The deprotection can be done in a conventional manner for producing carbapenem con> 

5 pounds. For example, a p-nitrobenzyi ester as R 5 is sulfonic acid buffer solution by catalytic hydrogenation us- 
ing palladium sulfonic acid buffer solution by catalytic hydrogenation using palladium on charcoal. Further, 
some carboxy protective ester group for R 5 (e.g. allyl, isoprenyl, p-methoxy- benzyl, d (phenyl methyl) and amino 
protective carbonate acyl groups in R or imino protective carbonic acyt groups for R 3 (e.g., t-butoxy-carbonyl , 
allyloxycarbonyl, p-methoxybenzyloxycarbonyt) can be removed using 1 to 20 (preferably 2 to 15) equivalents 

10 of a Lewis acid (e.g., aluminum chloride, stannic chloride, titanium chloride) or a carboxyiic acid (e.g., trifluor- 
oacetic acid) in an aprotic solvent (e.g., dichloro-methane, anisoie, nitromethane) for 1 to 10 (preferably 1 to 
5 hours) at -40 to 10 (preferably -30 to 0)°C. A trial Icy Is ily I hydroxy protective group as R 1 (e.g., trimethytsilyi, 
triethylsilyl, t-butyldimethylsnyl) can be removed with an aqueous acid (e.g., hydrochloric acid or the like mineral 
acid). 

is A modification of the ring imino, am id in io introduction, is as follows: 

Ethylformimidate hydrochloride is added in several portions to a solution of Compound of formula I in a phos- 
phate buffer of pH about 7 under ice cooling while keeping pH 8.5 with 1N- sodium hydroxide. 

The work up of the reaction mixture is done in a conventional manner in the art to give the free acid, for 
example, removing unreacted reagent, purif ing by crystallization, adsorption and etution, chromatography, lyo- 

20 phOization, etc. 

Compounds I show potent antibacterial activity in vitro and good physico dynamic properties (e.g., urinary 
recovery, maximum blood level in mice, and stability to human renal dehydropeptidase 1) as compared with 
some known carbapenems. For example. Compounds I in which R is methanesulfonylamino (M) or sulfamido 
(H) show the following percentage improvements over some known carbapenems: 
25 vs. Imipenem: twice the antibacterial activity in vitro or more against Gram-negative bacteria (e.g., Es- 

cherichia co// H, Escherichia coti SR 5028, Klebsiella pneumoniae SR1, Proteus mirabilis PR4, Morgania mor- 
ganit'SR9 f Enterobacter cloacae SR233) (M, H), urinary recovery in mice (M:23%, H:44%), and stability against 
human renal dehydropeptidase- 1 (M:53%, H:39%). 

vs. Meropenem: urinary recovery (M:151%, H:192%), maximum blood level (M:62%, H:92%), protection 
30 of mice from Streptococcus aureus Smith infection (M:370%, H:1300%), and stability to human renal dehydro- 
peptidase-1 (M:3%. H:13%). 

vs. CS 533: twice the antibacterial activity in vitro or more against Gram-negative bacteria (e.g., Escher- 
ichia coli H, Escherichia coti SR 5028, Klebsiella pneumoniae SR1, Proteus mirabilis PR4 t Morgania morganii 
SR9) (M, H). maximum blood level (M:27%, H:51%), urinary recovery in mice (M:71%, H:99%), and stability 
35 to human renal dehydropeptidase- 1 (M:63%, H:48%). 

vs. LJ 10627: twice the antibacterial activity in vitro or more against Gram-negative bacteria (e.g., Pro- . 
taus mirabilis PR4, Proteus vulgaris CN-329, Proteus vulgaris SR3 § Morgan morganii SR9, Serratia marses- 
censA13880)(M, H). 

vs. a compound in Japanese Patent Publication Kokai 179876/1988: about twice the activity in vitro 
40 against Staphylococcus aureus SR 77 and Morgania morganii SR 9 (M). 

Thus, Compounds I are useful as medicines, veterinary drugs, disinfectants, antiperishables, etc, and this 
invention provides an antibacterial agent containing the compound as an effective component and a method 
for disinfection by contacting the compound with bacteria. 

Compound I In which R 5 is an alkali metal is suitable for parenteral administration (e.g., intravenous Injec- 
45 tion, intramuscular injection, drip) and presented in the form of an injection, vials, etc. if required accompanied 
by a stabilizing and solubilizing agent The free acid can form an aqueous solution by neutralization before ad- 
ministration. The esters can be used for oral administration as tablets, capsules, granules, powders, etc, for 
injection as suspension, oOy injection, etc.. and for external and topical use as a suppository, eye solution, oint- 
ment, emulsion, spray, etc These preparations can be produced using conventional additives in a conventional 
so manner. 

An effective amount of compound I or its salt is given to an infected subject by way of, e.g.. oral or parenteral 
route, although the tatter is more preferable. For parenteral administration, the compound is formulated to afford 
an aqueous solution or suspension (suitable for e.g., subcutaneous injection, intravenous injection, intraperi- 
toneal injection, intramuscular injection). For oral administration, Compound I as an acid or ester is mixed with 
65 a conventional formulation carrier, diluent, or additives and encapsulated or tabletted. It may be formulated to 
give a powder or granul in a conventional manner. 

Preferably the daily dose is about 100 mg to 6 g (e.g., 250 mg to 3 g) for injection and about 100 mg to 6 
g (e.g., 250 mg to 4 g) for oraJ use. 

4 



EP 0 521 524 A1 



The following Examples and Experiment are given to illustrate this invention. Thes xamples, however, 
are not intended to limit the scope of this invention. 

The abbreviations are as follows: 
Boc = t-butoxycarbonyl. Et = ethyl. Ft = phthalyl. Me = methyl. Pnz = p-nitrobenzyloxycarbonyl. Pmz = p-me- 
thoxybenzyioxycarbonyl. Tr = trityl. THF = tetrahydrofuran. 

Example 1 . Synthesis of 3-substrtuent 



A. Preparation of protected thtoaminooxymethylpyrrolidine 

1) (2S,4R)-4-hydroxy-2-methoxycarponyl-1 -p-nitrobenzyloxycarbonyl pyrrolidine (esterif ication) 

Thionyl chloride (18.7 ml) and, after 5 minutes stirring, N-p-nitrobenzyloxycarbonyl-L-hydroxyproline (1: 
72.4 g) are added dropwise to a mixture of methanol (94.5 ml) and dichloromethane (945 ml) under ice cooling 
and the mixture is stirred overnight at room temperature. The reaction mixture is concentrated in vacuum to 
give crude (2S,4R}^hydroxy-2-methoxycaj1>onyM-p-nitroben (86.5 g) as pale yel- 

low oil. This product can be used in the next step without further purification. 

IR v (CHCI 3 ) Cirri: 3450, 1742, 1703, 1605. 
1 HNMR 5 (CDCU) ppm: 1 .77(1 H, s). 2.05 to 2.45(2H. m), 3.55 to 3.8(2H. m) f 3.66. 3.76<3H. 2s), 4.49 to 4.62(2H. 
m). 5.06 to 5.35(2H, m), 7.43 to 7.56(2H, m), 8.22(2H, d, J=8.2Hz). 

2) (2S.4R)-4-rnethanesulfonyloxy-2-methoxycartx)n^ (2) (hydroxy ac- 
tivation) 

Triethyiamine (52 ml) and then methane-sulfonyl chloride (21.6 ml) are added to a solution of crude 
(2S,4R)-4-hydroxy-2-methoxycarbonyM-p-nitro (86.1 g) in dichloromethane (1 

liter) under ice cooling and the mixture is stirred for 25 minutes. The reaction mixture is acidified with diluted 
hydrochloric acid and stirred. The organic layer is taken, washed with aqueous sodium hydrogen carbonate 
and water, dried over sodium sulfate, and concentrated in vacuo to give (2S,4R)-4-methanesidfonyloxy-2-rne- 
thoxycartxinyl-1- p-nitrobenzyloxycarbonyl pyrrolidine (2: 90.0 g) as an organge oil. This product can be used 
In the next step without further purification. 

IR v (CHCI3) cirH: 1741, 1703. 1602. 
1 HNMR 8 (CDCI3) ppm: 2.22 to 2.82(2H, m), 3.07(3H, s), 3.67. 3.78(3H i 2s), 3.75 to 4.03(2H, m). 4.55(1 H, t, 
J=7.8Hz), 5.08 to 5.39(3H, m). 7.43 to 7.58(2H t m), 8.23(2H. d, J=8.6Hz). 

3) (2S,4S)-4-mphenylmethylthio-2-methoxyca^ (3) (thiolation) 

Triphertyimethylmercaptan (10.9 g) is added in small portions to a suspension of sodium hydride (1.26 g) 
(60 % dispersion in oil) in dimethyrformamtde (50 ml) under ice cooling and stirred for 5 minutes at room tem- 
perature. 

A solution of crude (2S,4R)-4-methanesulfon yloxy-2-methoxycarbonyi-1 -p-nitrobenzyloxycarbonyl pyrro- 
lidine (2: 10.6 g) in dimethylformamide (80 ml) is added to this mixture, and the whole is stirred in an oi bath 
at 50°C overnight The reaction mixture is diluted with ethyl acetate and mixed with ice water containing 1N- 
hydrochloric acid (35 ml). The organic layer is taken, washed with water and satd. brine, dried over sodium 
sulfate, and concentrated in vacuo. Th residue is purified by silica gel chromatography (toluene-ethyl acetate) 
to give (2S,4S)^triphenytmethylmio-2-methcocyca^ (3 : 9.12 g) an 

orange foam (Yield: 52 % from hydroxyproline) and the starting compound (2: 3.11g: Yield; 29%). 
IR v (CHCW cnr 1 : 1745, 1702, 1602. 



esterif 

(5) 
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'HNMR 6 (CDCI3) ppm: 1.64 to 2.36<2H. m). 2.68 to 3.32(2H, m), 3.32 to 3.55(1 H. m). 3.61. 3.65. 3.72(3H f 3s) f 
4.01 to 4.27(1H, m), 4.95 to 5.32(2H, m) t 7.15 to 7.53(1 7H, m), 8.14 to 8.27(2H, m). 

4) (2S,4S)^triphenylmeUiytthio-2-hyd^ (Reduction of car- 
bomethoxy) 

A solution of sodium borohydride (371 mg) in ethanol (15 ml) and a solution of lithium chloride (554 mg) in 
tetra-hydrofuran (15 ml) are added to a solution of (2S,4S)^ trip he riyl methyl thio-2^etha 
benzyloxycarbonylpyrrolidine (3: 3.63 g) in tetrahydrofuran (36 ml) under ice cooling are added and the mixture 
is warmed to room temperature and stirred for 110 minutes. The reaction mixture is diluted with ethyl acetate 
under ice cooling, and neutralized with 1 N-hydrochioric acid (10 ml) to decompose the remaining reagent The 
organic layer is taken, washed with water and saturated brine, dried over sodium sulfate, and concentrated in 
vacuo. The residue is purified by silica gel chromato-graphy to give (2S,4S)-4-triphenylmethyl-thio-2-hydrox- 
yiremyM-p-nitro-benzy1oxy^ (4: 3.02 g) as colorless foam. Yield: 88%. 

IR v (CHCI3) crrH: 3400, 1679, 1603. 
iHNMR 6 (CDCI3) ppm: 1 .3 to 2. 1 3(2H, m), 1 .6(1 H, brs), 2.65 to 4.3(6H, m). 5.03 to 5.2(2H, m), 7.07 to 7.55(1 7H . 
m). 8.15to8.3(2H. m). 

5) (2S t 4S)^triphenylmethylthio-2-phtrialimidoxymethyl-1p-nitroben (5) (introduc- 
tion of imidooxy) 

Triphenylphosphine (31 5 mg), azodicarboxylic acid diethyl ester (1 89 uJ),and after stirring for 5 minutes.N- 
hydroxy-phthalimide (196 mg) added to a solution of (2S,4S)^to*phenylmethylmio-2-hydroxymethyl-1-p-nitro- 
benzyloxycarbonylpyrrolidine (4: 555 mg) in tetrahydrofuran (6 ml) under ice cooling are added, and the mixture 
is stirred for 45 minutes. The reaction mixture is concentrated in vacuo. The residue is purified by silica gel 
column chromatography to give (2S,4S)^WphenyimetrtylthiQ-2-phtta^ 
carbonylpyrroHdine (5: 686 mg) as a pale yellow foam. Yield: 98 %. 

IR v (CHCI3) cm- 1 : 1783, 1725, 1693, 1602. 
'HNMR 6 (CDCU) ppm: 1.8 to 2.5(2H, m). 2.5 to 3.0(2H. m), 3.15 to 3.54(1 H. m). 3.94(1 H, brs), 4.08 to 4.5(2H, 
m), 4.98 to 5.25(2H, m), 7.1 to 7.6(17H t m), 7.65 to 7.95(4H, m), 8.0 to 8.3(2H, m). 

6) (2S,4S)^to'phenylmethylthio-2-aminooxym (6) (removing 
phthalimido) 

Methylhydrazine (42 uJ) is added to a solution of (2S t 4S)^triphenyimethylthio-2-phthaiimidoyloxy-methyl- 
1-p-nitrobenzyloxycarbonylpyrrolidine (5: 501 mg) in dichloro-methane (5 ml) at -40°C, and the mixture is stir- 
red for 5 minutes and then under ice cooling for further 30 minutes to give a solution of (2S,4S)-4-triphenylme- 
thylthk>-2-amino^xymethyM-p-nttro (6). 

B. Introduction of amino substituent 

(2S,4S)^to'phenylmemylmio-2-acetylaminooxym (7a) (acetyl a- 

tion) 

Pyridine (93 ui) and acetyl chloride (66 uJ) To a solution of (2S, 4S>-4-triphenylmethylmio-2-aminooxyrne- 
thyl-1-p^itrobenzyloxycarbonyi pyrrolidine (6) preparable as above A (6) in dichloromethane and the mixture 
is stirred for 25 minutes. 1N-hydrochloric acid (1 ml) and ethyl acetate are added to the reaction mixture. The 
organic layer is taken, washed with water, aqueous sodium hydrogen carbonate, and brine, dried over sodium 
sulfate, and concentrated in vacuo. The residue is purified by silica gel chromatography to give (2S,4S)-4-tri- 
phenylnremylmIo-2-acetylajnlnooxymethyM^ (7: 385 mg) as a pale yellow 

foam. Yield : 88 %. 

In a manner similar to B above, the amino substituent is introduced to aminooxypyrroiidine (6) produced 
in A(6) above under the condition given in Table 1 to give protected mercaptides. The producing condition for 
compounds 7a (prepared by B) to 7g is listed on Table 1. 
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I able 1 Reaction conditions for introducing amin substituent 

Reagent Sol v. Base Temp Time Crop 





equivalents 








equivalents 


•c 


min. 


X 


a 


HeCOCl 


1. 


3 


CH,C1, 


Py' 5 


1.6 


0 


25 


88 


b 


ClCOiMe 


1. 


3 


CH.Cl, 


Py 


1.6 


0 


20 


98 


c 


MeNCO 


4. 


6 


CH.Cl, 






rt 


105 


100 


d 


CISO.Me 


1. 


55 


CH.Cl, 


Py 


2.4 


0 


100 


94 


e' 


CISO.NHCO.PMB* 5 


1. 


1 


CH,C1 2 


Et,N 


1.2 


0 


30 


86 


f ' 


MZ-SDP 1 > 


1. 


2 


C.H, 






refl 


100 


60 


S 


MeCHO 


5. 


0 


CH.Cli 






0 


30 


93 



Note: 1) pyridine. 2) prepared from chlorosulfonyl isocyanate and 
p-methoxy benzyl alcohol. 3) S-p-oethoxybenzy loxycarbony 1-4 , 6-dimethyl - 
2-mercaptopyrimidine . 



Physical constants of protected mercaptide (7a to 7g) 

Compound 7a R - acetyl amino 
IR v (CHCI 3 ) cnr 1 : 3260, 1680, 1600. 

1 HNMR 6 (COa 3 ) ppm: 1 .3 to 2.37(2H. m). 1 .87(3H, brs), 2.7 to 2.9(2H f m), 2.98 to 3.22(1 H, m). 3.45 to 4.27(3H, 
m), 5.10, 5.17{2H f 2s), 7.07 to 7.54 (17H, m), 8.17 to 8.30(2H, m). 

Compound 7b R = carbomethoxyamino 
IR v (CHCI 3 ) cnr 1 : 3360. 1720, 1685. 1600. 

'HIMMR 6 (CDd 3 ) ppm: 1 .38 to Z38(2H, m), 2.7 to 2.9(2H f m), 2.93 to 3.23(1 H. m), 3.47 to 4.23{3H, m), 3.73(3H, 
s), 5.10, 5.17(2H, 2s), 7.1 to 7.5(17H, m), 8.13 to 8.35(2H ? m). 

Compound 7c R = methyl carbamoyiami no 
IR v (CHCI 3 ) cm- 1 : 3445, 3310. 1685, 1602. 

1 HNMR 5 (CDCI3) ppm: 1.3 to 2.3(2H, m), 2.7 to 2.92(2H, m), 2.8(3H, brs). 3.05 to 3.58(1 H, m), 3.5 to 4.2(3H, 
m), 5.0 to 5.25(2H, m), 6.12 (1H, brs). 7.1 to 7.52(1 7H, m), 8.15 to 8.3(2H, m). 

Compound 7d R = mesylamino 
IR v (CHCI 3 ) cm- 1 : 3260, 1687, 1602. 

1 HNMR 5 (CDCI3) ppm: 1 .2 to 2.35(2H. m), 2.65 to 2.9(2H. m), 2.96(3H, s). 2.95 to 3.6(1 H. m). 3.73 to 4.35(3H. 
m), 5.08. 5.16(2H f 2s), 7.05 to 7.55(1 7H. m). 7 .86, 7.95(1 H. 2s), 8.1 to 8.3(2H, m). 

Compound 7e' R = N-sulfamoyl-N-Pmz-amino 
IR v (CHCI3) cm- 1 : 3370. 3245, 1727. 1687. 1601. 

1 HNMR 6 (CDCI3) ppm: 1.35 to 2.35(2H, m), 2.65 to 3.6(3H, m), 3.76<3H, s), 3.8 to 4.25(3H, m), 4.95 to 5.2(3H. 
m), 6.75 to 6.9(2H, m), 7.08 to 7.55(1 9H , m), 7.6 to 8.4(3H, m). 

Compound 7f R = Pmz-amino 
IR v (CHCIj) cnr 1 : 3375, 1740, 1695. 1607. 

1 HNMR 5 (CDa 3 ) ppm: 1 .35 to 2.33(2H, m), 2.65 to 3.6(3H f m), 3.79(3H, s), 3.65 to 4.2(3H, m), 4.95 to 5.25(4H f 
m), 6.87(2H. d. J=9Hz), 7.07 to 7.55(19H, m), 8.1 to 8.3(3H, m). 

Compound 7g R = ethyl ideneamino 
IR v (CHCI3) cnr 1 : 1692, 1600. 

1 HNMR 6 CDQs) ppm: 1 .65 to 2.3(2H, m), 1.75 to 1 .85(3H, m), 2.6 to 3.62(3H, m), 3.78 to 4.35(3H, m), 5.0 to 
5.25(2H, m). 6.71(0.5H, q, J=5.6Hz). 7.1 to 7.6 (17.5H, m). 8.1 to 8.3(2H, m). 

C. Modification of protected amino 

1) (2S,4S)^triphenylmethy1thio-2-suifam (7e) 
(deprotecbon at aminooxy) 

Antsol (10 rrd) and trifluoroacetic acid (10 rrd) are added to a solution of (2S,4S)-4-triphenyimethyithio-2- 
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N-p-methoxybenzyloxycarbonylsulfamoyiaminooxym thyl-1 -p-nitrobenzyioxycarbonylpyrrolidin (7 ': 9.2 g) 
in dichloromethan (100 ml) und r ice oo ling, and th mixture is stirred for 1 hour and concentrated in vacu . 
The residue is purified by silica gel chromatography to give (2S,4S)^triphenylmethylthio-2-sulfarrK5ylaminoox- 
yme thyl-1 -p^itrobenzyloxycartxDnyl pyrrolidine (7e: 5.74 g) as a yellow foam. Yield; 78 %. 

Compound 7e R = suffamoylamino 
IR v (CHCI 3 ) crrr 1 : 3440, 3355, 3245, 1692, 1607. 

1 HNMR 5 (CDCI3) ppm: 1.3 to 2.4(2H, m), 2.7 to 3.6(3H, m), 3.75 to 4.3 (3H, m), 4.9 to 5.25(3H, m), 7.08 to 
7.6(17H, m), 7.6 to 7.75(1H, m), 8.1 to 8.3(2H, m). 

2) (2S.4S)-4-mphenylmethylmio-2-N-p-memoxybef^ 
zyloxycarbonyl pyrrolidine (7f) (methylation at aminooxy) 

A solution of (2S,4S)-4-triphenylmemytmlo-2-N-rj-methoxybenzy1oxy 
benzyloxycarbonylpyrrolidine (7f : 965 mg) in dimethylfbrmamide (2 ml) and, after stirring for 15 minutes, me- 
thyl iodide (164 uJ), are added dropwise to a suspension of sodium hydride (57.9 mg: 60 % dispersion in oil) 
in dimethyiformamide (8 ml) under ice cooling are dropwise and the mixture is stirred for 30 minutes. The re- 
action mixture is diluted with ethyl acetate, washed with water, dried over sodium sulfate, and concentrated in 
vacuo to give crude (2S ,4S)^trHphenylmethy1thio-2-N-p-m 

thyl-1 -p-nitrobenzyloxycarbonyl pyrrolidine (7f: 821 mg). This product can be used in the next step without fur- 
ther purification. 

Compound 7f R = N-methyl-N-Pmz-amino 
1 HNMR 5 (CDCI3) ppm: 1.7 to 2.3(2H, m), 2.6 to 3.65(3H. m), 3.08(3H, s), 3.7 to 4.2(3H, m), 3.76, 3.78(3H, 
2s), 4.95 to 5.25(4H. m), 6.8 to 7.0(2H. m) 7.1 to 7.6(1 9H. m). 8.05 to 8.35(2H. m). 

3) (2S,4S)-4-m'phenylmemylthio-2HrTte^ (7f) (depro- 
tection at aminooxy) 

Anisole (1 ml) and trifluoroacetic acid (1 ml) are added to a solution of crude (2S,4S)-4-triphenylmethyithio- 
2-N-p-methoxybenzyloxycarbonyl-N-methylami^ (7f : 821 

mg) in dichloromethane (8.2 ml) under ice cooling and the mixture is stirred for 20 minutes and concentrated 
in vacuo. The residue is purified by silica gel chromatography to give (2S,4S)-4-tri-phenylmethy1thio-2-N-me- 
thylaminooxymethyl-1-p-nitrobenzylcocycarbonylpyrro^ (7f) trifluoroacetate (843 mg). Yield: 94 %. 

Compound 7f R = methylamino 
IR v (CHCy crrr 1 : 3400, 1685, 1605. 

1 HNMR 5 (CDCI 3 ) ppm: 1 .47 to 2.42(2H, m), 2.65 to 3.52(3H, m), 2.84(3H. s). 4.02 to 4.45(3H, m), 5.09, 5.15(2H, 
2s), 7.1 to 7.6(1 7H, m), 8.05 to 8.5(2H, m). 

D. De protection at thiol 

(2S,4S)-4-mercapto-2-acety<aminooxymethyl-1 -p-nitrober^oxycartx>nylpyrrolidine (8a) (detritylation) 

Pyridine (149 uJ) and then a solution of silver nitrate (289 mg) in a mixture of water (1.5 ml) and methanol 
(1 5ml) are added dropwise to a solution of (2S, 4S)^trity1thk>-2-acetylanrtinooxym 

bonylpyrrolWine (7a: 452 mg) in methanol (9 ml) under Ice cooling, and the mixture Is stirred for 25 minutes. 
Separating silver salt is collected by filtration, washed with methanol, ether, and petroleum ether, and dried. 
Hydrogen surf ide gas is introduced to a suspension of this crude silver salt in a mixture of dichloromethane 
(3.5 ml) and methanol (3.5 ml) for 5 minutes. The resulting silver sulfide Is filtered off and washed with a mixture 
of methanol and dichloromethane. The filtrate is concentrated in vacuo. The residue is purified by silica gel 
chromatography to give (2S,4S)-4-mercapto-2-acetylaJTiinocxy-meta^ 
(8a: 1 98 mg) as a pale yellow foam. Yield: 73 %. 

Under the reaction condition listed in Table 2, the protected mercaptkle (7a to 7g) is deprotected to give 
mercaptopyrrolidine (8a to 8 g) in a handling simlar to the above. 
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Table 2 Removing of mercapto protective group 



amino substituent 
in R 



Solvent 



pyridine AgMO* 
equiv. equiv. 



Crop 
(%) 



f 
6. 



e 



c 



a 



acetyl 

methoxycarbonyl 

methylcarbamoyl 

mesyl 

sulfamoyl 

methyl 

ethylidene 



MeOH-THF 
MeOH-THF 

MeOH 
MeOH-THF 



MeOH 
MeOH 
MeOH 



2.5 
2.5 
2.5 
2.5 
2.5 
3.5 
2.5 



2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 



73 
64 
73 
68 
62 
50 
72 



Physical constants of mercapto pyrrolidine (8a to 8 g) 

Compound 8a R = acetyl amino 
IR v (CHCI 3 ) cnr 1 : 3350, 1687, 1603. 

1 HNMR 5 (CDCJ3-CD3OD) ppm: 1 .65 to 2.15(1H, m), 1 .89(3H, s) f 2.52 to 2.72(1 H, m), 3.1 to 3.45(2H, m), 3.95 
to 4.3(4H. m), 5.23(2H. m). 7.53(2H, d. J=8.8Hz). 8.24(2H. d. J=8.8Hz). 

Compound 8b R = carbomethoxyamino 
IR v (CHCI 3 ) cnr 1 : 3360, 1742, 1690, 1601. 

1 HNMR 8 (CDCI 3 ) ppm: 1.5 to 1.82(2H, m). 1.78(1 H, d, J=6.6Hz). 2.5 to 2.7(1 H. m), 3.06 to 3.44(2H. m). 
3.76(3H, s), 3.88 to 4.4(4H, m), 5.23 (2H, s) 7.52(2H, d, J=8.8Hz), 8.23(2H, d, J=8.8Hz). 

Compound 8c R = methyt carbamoyl ami no 
IR v (CHCI3) cm- 1 : 3440. 3325, 1683, 1602. 

^NMR 5 (CDCI3) ppm: 1.4 to 1.9(2H, m), 1.78(1H ( d, J=6.4Hz), 2.51 to 2.69(1H f m), 2.83(3H, d, J=4.8Hz), 
3.1 to 3.47(2H f m), 3.88 to 4.4(4H f m) t 5.23(2H t s), 7.52(2H, d, J=8.8Hz), 8.23(2H, d, J=8.8Hz). 

Compound 8d R = mesylamino 
IR v (CHCI3) crrr 1 : 3270, 1692, 1600. 

'HNMR 6 (CDCI3) ppm: 1 .45 to 1 .65(1 H, m), 1 .79(1 H, d, J=6.2Hz), 2.5 to 2.7(1H, m), 3.01 (3H, s), 3.03 to 3.5(2H, 
m), 3.97 to 4.5(4H, m), 5.22 (2H, s), 7.52(2H. d, J=8.8Hz), 7.92(1 H, s), 8.23(2H, d, J=8.8Hz). 

Compound 8e R = sulfamoyiamino 
IR v (CHCI3) cm- 1 : 3375, 3320, 3220, 1679, 1595. 

^NMR 8 (CDCI3) ppm: 1.45 to 1.75(1H, m), 1.81(1H, d. J=6.4Hz), 2.5 to 2.7(1H, m), 3.1 to 3.5(2H. m), 4.0 to 
4.45(4H, m). 5.21(2H. s). 5.29(2H, s). 7.52(2H, d. J=8.6Hz), 7.77(1 H. s). 8.22(2H, d, J=8.6Hz). 

Compound 8f R = methyt amino 
1 HNMR 8 (CDCI3) ppm: 1.7 to 1.97(1H, m), 1.75(1H, d, J=6.6Hz), 2.46 to 1 HNMR 8 (CDCI 3 ) ppm: 1.7 to 1.97 
(1H, m). 1.75 (1H, d, J=6.6Hz), 2.46 to 2.7(1 H. m). 2.69(3H, s), 3.07 to 3.4(2H, m), 3.7 to 4.25(4H, m), 5.22 
(2H, 6), 7.53(2H, d. J=8.8Hz), 8.22(2H, d, J=8.8Hz). 

Compound 8g R = ethyfideneamino 
IR v (CHCI3) cnr 1 : 3370, 1698. 1602. 

1 HNMR 8 (CDCI3) ppm: 1 .65 to 2.05(2H, m), 1 .84(3H, d, J=5.8Hz), 2.45 to Z65 (1H, m), 3.0 to 3.4(2H, m), 3.97 
to 4.5(4H, m), 5.23(2H, s), 6.75 (0.5H, q, J=5.8Hz). 7.42(0.5H, q, J=5.8Hz), 7.53(2H. d, J=9.0Hz), 8.22 (2H. d, 
J=9.0Hz). 
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E. Preparati n of steroisomeric aminooxymethylpyrrolidine 



^•^H ^ .-CH20H IrS ^T^2NFt 

(1) thiation IrS ^«Boc ^y,. intrX)ductioB f rS ^NBoc 

Ir5 \^NBoc (4) de-Tr H5 V^IBoc 



R-exchange VtfBoc (4) de-Tr ^^NBoc (5) 

1) (2R t 4S)-1-t-butoxycart>onyl^tritylthiopyriiolkJin9-2^ethanol (2) (thiation) 

A solution of trityimercaptane (1.41 g: 5.09 mMol.) and sodium hydride (178 mg: 4.41 mMol.) in tetrahy- 
15 drofuran (8.8 ml) are added dropwise to a solution of (2R ,4R)-1-t-butoxycarDonyl-4-mesyloxypyrrolidtne-2-me- 
thanol (1 : 1 .00 g: 3.34 mMol.) in tetrahydrofuran (3.4 ml) at room temperature and the mixture te stirred at room 
temperature for 100 minutes. The reaction mixture is diluted with ethyl acetate (30 ml) and ice water (30 ml). 
The organic layer is taken, washed with water and saturated brine, dried over magnesium sulfate, and concen- 
trated under reduced pressure. The residue is purified by silica gel chromatography to give (2R,4S)-1-t-butox- 
20 ycarbonyl-4-tritylthiopyrrolidine-2-methanol (2: 1 .42 g). Yield : 88 %. 
IR v (KBr) cm-i: 3430, 1690. 
1 NMR 6 (CDCI 3 ) ppm: 1.2 to 1.5 (m, 1H), 1.43 (d, J=1.6Hz, 9H), 1.6 to 1.9 (m, 1H), 2.7 to 3.5(m, 5H), 3.8 to 
4.0(m, 1H). 7.1 to 7.6(m. 15H). 

25 2) (2R,4S)-1-t-butoxycart>onyl-2-phtalimido^ (3) (introduction of imidooxy) 

Triphenyiphosphin (892 mg: 3.40 mMol.), N- hydroxy- phthalimide (705 mg: 4.32 mMol.) and azodicarboxylic 
acid diethyl ester (0.59 ml: 3.74 mMol) are added to a solution of (2R,4S)-1-t-butoxycarbonyl-4-m'tylthiopyrro- 
lidine-2-methanol (2: 1 .37 g: 2.88 mMol.) in tetrahydrofuran (8.6 ml) under ice cooling and the mixture is stirred 

30 under ice cooling for 90 minutes. The reaction mixture is diluted with ethyl acetate (30 ml) and ice water (30 
rrd). The organic layer is taken, washed with water and saturated brine, dried over magnesium sulfate, and con- 
centrated under reduced pressure. The residue is purified by silica gel chromat-ography to give (2R,4S)-1-t- 
butoxycart>onyi-2-phtalimidooxymeto^ (3: 1.73 g). Yield : 97 %. 

IR v (KBr) crrr 1 : 3420, 1790, 1735, 1694. 

35 1NMR 5 (CDCI3) ppm: 1.35(s. 9H), 1.8 to 2.4(m, 2H), 2.7 to 3.2(m, 2H), 3.8 to 4.3(m. 2H). 7.1 to 7.6(m, 15H), 
7.6 to 7.9(m, 4H). 



3) (2R,4S)-1-t-butoxycartx>ny1-2-sutfamldoco<y^ (4) (modification at aminooxy) 

40 Methyihydrazine 1 87 uJ (3.54 mMol) at -30°C is added dropwise to a solution of (2R,4S)-1-t-butoxycarbo- 

nyW2-phtallmIdooxymemyl^tritylthiopyrro!ldine (3; 2.00 g: 3.22 mMol.) in dichloromethane (25.8 ml) In nitro- 
gen, and the mixture is stirred at the same temparature for 35 minutes and under ice cooling for 25 minutes. 
The reaction mixture is diuted with dichloromethane (25 nrd) and the separating crystals are removed by filtra- 
tion. The f Dtrate Is washed with saturated brine, dried over magnesium sulfate, and concentrated under reduced 

45 pressure. 

A solution of triethyiamine (895 |U: 6.44mMol) and sutfamoyl chloride (4.83 mMol) in dichloromethane is 
added to a solution of the residue In dichloromethane (25.0 ml) at -40°C and the mixture is stirred at -40°C for 
40 minutes, and then diluted with water (30ml). The organic layer is taken, washed with aqueous sodium hy- 
drgen carbonate and saturated brine, dried over magnesium sulfate, and concentrated under reduced pressure. 
so The residue is ourif led by silica gel chromatography to give (2R,4S)- 1 -t-butoxycarDonyl-2-sulfamIdooxymethyl- 
4-tritylmtopyrrolidine (4: 1 .45 g). Yield : 81 % . 

IR v (KBr) cnr': 3400, 3240, 1670. 
1 NMR 6 (CDClj) ppm: 1.1 to 1.4(m, 1H), 1.41(8, 9H). 1.6 to 1.9(m, 1H). 2.7 to 3.2(m. 3 H), 3.2 to 3.9(m, 2H), 
3.9 to 4.3(m, 1H), 4.6 to 5.1(m. 2H), 7.1 to 7.6(m, 15H), 7.8 to &0(m. 1H). 

66 

4) (2R,4S)-1-t-butoxycart>onyl2-sulfajni^ (5) (Deprotection at thiol) 

A solution of pyridin (0.49 ml: 6.05 mMol.). sBver nitrate (945 mg: 5.57 mMol.) in water (4.7 ml) -m thanol 
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(47.0 ml) is added to a solution of (2R,4SH^-butoxycajt>ony1-2-suffamidoo (4; 
1.35 g: 2.42 mMol.) in a mixture of methanol (24.3 ml) and tetrahydroruran (2.7 ml) under ice cooling, and the 
mixture is stirred at the same temparature for 40 minutes, and concentrated under reduced pressure. Th re- 
sidue is washed with toluene and again concentrated under reduced pressure. Hydrogen sulfide is bubbled 
through a solution of the residue in dichloromethane (24.2 ml) - methanol (7.3 ml) under ice cooling for 5 min- 
utes. The reaction mixture is diluted with dichloro-methane (30 ml), filtered to remove black precipitate, and 
the filtrate is concentrated under reduced pressure. The residue is purified by silica gel chromatography to give 
CR^SH-t-butoxycarbony^-sdfemidcoxy-m (5: 502 mg). Yield : 64 %. 

IR v (CHCI 3 ) cm- 1 : 3440, 3350, 3280, 1682. 
'NMR 5 (CDCI3) ppm: 1.47(s, 9H) f 1.6 to 1.8(m f 3H), 1.8 to 2.2(m, 1H), 3.2 to 3.5(m, 2H), 3.6 to 4.1(m, 3H), 
4.2 to 4.5(m, 1H), 5.1 0(s, 2H), 7.8 to 8.0 (m, 1H). 

Example 2. Condensation 



1 ) (1 R,5S,6S)-2-[(3S t 5SH^acetylamincoxymemy1-1-p-ni^ 

hydroxyethyl]- 1 -methyl- 1-carba-2-penenv3-carboxylic acid p-nitrobenzyl ester (lla) 

D its opropylethyl amine (89 jal) and trifluoromethanesulfonic acid anhydride (71 |il) are added to a solution 
of (1R f 5S,6S)-2-oxo-6-[(1R)-1-hydroxyethylHHm^ acid p-nitrobenzyl ester 

(1 54 mg) in acetonitrfle (3 ml) at -40°C and the mixture is stirred for 1 5 minutes to give a solution of (1 R,5S,6S)- 
2-trif luoromethanesulfonyloxy-6-[(1 R)-1 -hydroxyethyl]-1 -methyl- 1 -carba-2-penem-3-carboxylic acid p-nitro- 
benzyl ester (III). 

A solution of diiso pro pylethyf amine (89 |il) and 4-mercapto-2-acetylaminooxymethyl-1-p-nitrobenzyloxy- 
carbonylpyrroiidine (8a: 190 mg) in acetonitrile (1.5 ml) is added dropwise to this solution of (III) at -40°C and 
the mixture is stirred at the same temperature for 2 hours and under ice cooling for 30 minutes and diluted with 
ethyl acetate. The reaction mixture is washed with water and saturated brine, dried over sodium sulfate, and 
concentrated in vacuo. The residue is purified by sBica gel chromatography to give (1R,5S,6S)-2-[(3S,5S)-5- 
acetylaminooxymethyl- 1 -p-n itrobe nzyloxycarbo nyl pyrrol idin-3-ylthio]-6-((1R)-1-hydroxyethylJ-1-methyl-1-ca 
rba-2-penem-3-carboxylic acid p-nitrobenzyl ester (lla: 270 mg) as a pale yellow powder. Yield: 89 %. 

Under the conditions listed in Table 3, trifluoromethanesulfonate (III) is condensed with mercaptopyrroli- 
dine (8a to 8g) by a manner similar to the one for the corresponding carbapenem (lla to llg). 



OH 



Me 





Table 3 Reaction conditions of condensation 



Product carbapenem II 
amino substitnent in R 



Starting thiol 
equivalents 



lime, (min. ) at 
-4(TC and 0*C 



Crop 
<%) 



f 
g 



e 



c 



a 



acetyl 

carbomethoxy 

methylcarbamoyl 

mesyl 

sulfaxnoyl 

methyl 

ethylidene 



8 a (1.2) 
8 b (1.2) 
8 c (1.2) 
8 d (1.2) 
8 e (1.2) 
8 f (1.2) 
8 g (1.2) 



120 
30 
45 
65 
70 
30 
25 



35 
30 
65 



30 
30 
40 



89 
78 
83 
82 
72 
63 
74 



Physical constants of protected carbapertems (II) 
Compound lla R = acetyl amino 
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10 



15 



20 



IR v (CHCfe) cor 1 ; 3365, 1765. 1690. 1602. 

'HNMR 5 (CDCy ppm: 1.28(3H, d, J=7.2Hz), 1.37<3H, d, J=6 2Hz) 1 4 t 2 2KH ml 1 <H/*u v o M 

Compound lib R = carbomethoxyamino 
IR v (CHCI3) cm-': 3375. 1765. 1695. 1602 

Compound lie R = methylcarbamoylamino 
IR v (CHCI3) enr': 3440. 3380. 3330. 1767. 1685 1601 

Compound lid R = mesylamino 
IR v (CHCI3) cm-i: 3410. 3280. 3190. 1768. 1698 1602 

Compound lie R = sulfamoyf amino 
IR v (KBr) cm-i; 3390. 3235, 3105. 3080. 1762. 1 696 1602 

Compound Iff R = methylamino 
IR v (CHCI3) cm-i: 3390, 1767, 1697, 1602 

x , m. - i^rwc;, /.o^n, a, J-8.8H2), 7.65(2H, d, J=8.8Hz). 8.2214H d J=fl ftH^ 
Compound Kg R = ethylideneamino * ' J -" Hz >- 

IR v (CHCI 3 ) cm-i; 3370, 1768, 1700, 1603 

7-66( 2 H.d.^HzIi23(2K<i * * J=88Hz) - 

thy.hl-methyl.lHarfaa-zlpenem-S^nS oxylic acid dio^ Z^TJlr 

ution A rf U 5?p i d S^f ,y,a ' ni ? (03 ° m ' : 1 - 73 mMd,) in acetoniWte < 2 - 1 «• added d ro pwise to a sol- 
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IR v (KBr) cnr 1 : 3300. 3210. 1749. 158a 
UV e (H 2 0) nm: 297 (9400). 

'HNMR 5 (DzO) ppm: 1.21 (3H. d. J=7.4Hz), 1 .28(3H f d, J=6.2Hz), 1.6 to 1.78(1H, m), 2.58 to 2.77(1 H, m), 
3.25 to 3.46(2H. m). 3.45(1 H. dd. J,=8.2Hz, J 2 =2.6Hz), 3.53 to 3.65(1 H. m), 3.89 to 4.1(2H. m), 4.1 3 to 4.35(4H. 
5 m). 



Elemental Analysis Calcd.: C, 40.43: H. 5.66; N, 12.58: S t 14.39. 

10 (C lt H t4 N 4 0 ? S t -0.5H t 0) Found : C, 40.23: H, 5.88; N, 12.58: S, 14.30. 

This compound shows potent antibacterial activity in vitro against e.g., Escherichia coli SR5028 (0.05 

^g/ml) and Pseudomonas aeruginosa A25619 (0.1 \igjtri) and SR1012 (0.4 ug/ml); potent prevention of infec- 
15 tion in mice caused by e.g., Staphylococcus aureus Smith (0.038 mg/kg) and Pseudomonas aeruginosa SR24 

(0.20 mg/kg); and a high urinay recovery in mice (45 %). 
Compound If R = methyl amino 

IR v (KBr) cnr 1 : 3400, 3260. 1751, 1592. 

UV X™* e (H 2 0) nm: 297( 9000). 
20 1 HNMR 6 (DaO) ppm: 1.21(3H. d. J=7.4Hz). 1.28(3H, d. J=6.2Hz). 1.64 to 1.83(1H. m), 2.67(3H, s), 2.6 to 

2.8(1 H ( m), 3.29 to 3.45(2H, m), 3.46(1 H, dd, J,=6.2Hz, J2=2.6Hz), 3.58 to 3.72(1 H, m), 3.9 to 4.08(4H, m). 

4.17to4.33(2H,m). 

This compound shows potent antibacterial activity in vitro against e.g., Escherichia coli H (0.05 jig/ml) and 
a high urinay recovery in mice (52.1 %). 
25 Compound Ig R = ethylideneamino (E : Z = 1 : 1) 

IR v (KBr) cnr 1 : 3420, 1757. 1590. 
UVX^e (H 2 0) nm: 297(9300). 

'HNMR 6 (D2O) ppm: 1.22(3H. d, J=7.2Hz), 1.28(3H, d, J=6.2Hz), 1.7 to 1.9(1H, m), 1.86. 1.89(3H, 2d. 
J^.OHz, J 2 =5.6Hz). 2.62 to 2.82(1 H. m), 3.26 to 3.47(2H. m), 3.44 to 3.52(1 H, m). 3.57 to 3.75(1 H, m) f 3.92 
30 to 4.17(2H, m), 4.15 to 4.48(4H, m), 7.0. 7.62(1H. 2q, J^S.eHz, J 2 =6.0Hz). 

This compound shows potent antibacterial activity in vitro against e.g., Pseudomonas aeruginosa PAOI- 
Jdg (0.02 iig/ml); high maximum blood level in mice (27.7 *ig/ml): and a high urinay recovery in mice (39.4 %). 

2) Deprotection to afford (3S, 5 R)-mercapto pyrrolidine isomer 

35 

A solution of aluminum chloride (1.22 g: 9.12 mMol.) in a mixture of dichloromethane (9.1 ml) - anisole (9.1 
ml) -nitromethane (9.1 ml) is added dropwise to a solution of (1R,5S,6S)-2-[(3S,5R)-1-t-butoxycarbonyl 5-sulf- 
amidaoxymethylpyrroJidin-3-yimio]-64(1RH- n ^ acid di- 

phenytmethyl ester (800 mg: 1.14mMoJ.) in dichloromethane (4.6 ml) at -35°C and the mixture is stirred at the 
40 same temparature for 3 hours. The reaction mixture is diluted a solution of sodium acetate (2.25 g) in water 
(23 ml). The aqueous layer is taken, washed with dichloromethane and purified by column chromatography 
over styrene-divinyi benzene copolymer to give (1R. SS.eS^^pS.SR^S-sutfamidooxynrotylpy^ 
toK6^(1RM-hydroxyemyfM^emy^1-cart>a-2- acid (364 mg). Yield : 73 %. 

IR v (KBr) cnr 1 : 3400. 1750. 

45 1 NMR6 (D 2 0) ppm: 1.1 8(d. J=7.0Hz, 3H). 1 .24(d, J=6.4Hz, 3H). 2.12 to Z4(m, 2H) . 3.22 to 3.5(m, 3H), 3.68(dd. 
J=5.4Hz, J=1 2.4Hz, 1H), 4.0 to 4.4(m, 6H). 
UV X max : 296nm. 

This compound shows potent antibacterial activity in vitro against e.g.. Morgaia morganiiSRS (0.2 uo/ml ) 
and Pseudomonas aeruginosa A25619 (0.1 ug/ml), and Pseudomonas aeruginosa SR1012 (0.4 ug/mJ). 

50 

Example 4. Modification at the pyrrolidine nitrogen 



55 
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(1 R.5S,6S)-2H(3S,5SH-iminomethy1-5-m thanesu^fonytam^nooxylnethy^py^^D^^d^n-^-y^thio^6-[(1 R)-1 -hy- 
droxy thy1]-1-methy1-1-caffaa-2-penem-3-carboxylic acid (Ih) 

1N- sodium hydroxide and ethyiforminriidate hydrochJoride (270 mg) are added to a solution of (1R.5S.6S)- 
5 2-[(3S,5S)-5-rrwthanesulf6ny1amta 

-penem-3-carooxyiic acid (Id: 62 mg) in a phosphate buffer (15 ml) of pH 7.1 under ice cooling in several por- 
tions while keeping the reaction medium at pH 8.5, and the mixture is stirred at the same temperature for 25 
minutes. The reaction mixture is adjusted to pH 7.0 with 1 N-hydrochloric acid, purified by chromatography on 
styrene-divinyibenzene copolymer, and lyophilized to give (1 R,5S,6S)-2-[(3S,5S)-5-methanesulfbnylaminoox- 
10 ymethylpyrrolidin-3-yl-thioJ-6-[(1 R)-1-hydroxyethyf}-1-methyl-1-carba-2-penern-3-carboxy1ic acid (Ih: 49 mg) 
-as colorless foam. 
Yield: 63 %. 

Compound Ih R 3 = iminomethyl, R = amino 
IR v (KBr) cm 1 : 3360. 1748. 1701. 1630. 1582. 
15 UV X^ax e (H 2 0) nm: 297 (8700). 

iHNMR 5 (D z O) ppm: 1.21(3H, d ? J=7.4Hz), 1.29(3H, d, J=6.2Hz). 1.8 to 2.03 (1H, m). 2.6 to 2.85(1 H, m), 
3.14(3H, s), 3.3 to 3.6(2H. m), 3.46 (1H. dd. J,=6.2Hz, J2=2.8Hz), 3.88 to4.52(7H, m), 8.08(1H. s). 

Example 5. Stereoisomers at position 5 of pyrrolidinytthio 

20 

In a manner similar to those of Examples 1 to 4. the stereoisomers (1 R.5S,6S)-2-[(3R,5S)-5-acetamidoox- 
ymethy1pyrrotidirv3-y1-thk>^^ acid, (1R, 5S.6S}- 

2-[(3R,5R)-5-methylcarbamoylaminooxymemyipyrrolidin-3-ylthio 

penem-3-carboxytic acid. (1 R.5S.6S)-2-[(3R,5S)-5-sulfamoylaminooxymethy1 pyrrol idin-3-yl-thiol-6-[(1 R)-1- 
25 hydroxyethyl]-1-memyl-1-carba-2-penenv3-carboxy1ic acid. (1 R.5S.6S)-2-[(3R ) 5R)-5-sulfamoylaminooxyme- 
thylpyrrolidirH3-ylmiol-6-[(1R)-1-hydroxyethy1l- 1 -methyl- 1 -carba-2-penem-3-cart>oxyl ic acid. (1R.5S.6S)-2- 
[(3R. 5S)-5H^ethanesulfonylaminooxymethy1pyrrolidin-3-yl-thio]-6-[(1 R)-1-hydroxyethyl}-1 -methyl- 1 -carba-2- 
penem-3-carboxylic acid, and (1R,5S,6S)-2-[(3R,5R)-5-methanesulfony1 ami nooxymethyl pyrrol idin-3-ylthio}-6- 
[(1R)-1 -hydroxy ethyl]- 1 -methyl- 1-cxut>a-2-penem-3-carboxyiic acid are prepared from the stereoisomers at 
30 position 4 of (D or L)-hydroxyproline. 

Formulation Example 1. (injection) 

The sodium salt of (1R,5S ( 6S)-2-[(3S,5S)-5-memanesulfonylaminooxymethylpyrrolidin-3-ylmio]-6-[(1R)- 
35 1-hydroxyethyl]-1-methyl-1-carba-2-penem-3-carboxylic acid (1 g) in a 5 ml vial may be dissolved in sterilized 
water for injection (1 ml) before use and given by intravenus injection thrice a day to an adult patient suffering 
from pyelitis. 

Formulation Example 2. (infusion) 

40 

An aqueous solution of sodium (1 R,5S,6S)-2-[(3S,5S)-5-su1famidooxymethyl pyrrol idin-3-ylthiol-6-[(1 R)-1- 
hydroxyethyl]- 1-memy1-1-carba-2-penem-3-carboxy1ate (1 g) may be adjusted to pH 7.5 with sodium hydrogen 
carbonate is placed in a 150 ml bottle and lyophilized. The lyophilizate is dissolved in sterillized water for in- 
jection (100 ml) and may be dripped Intravenously to an adult patient immediately after or during a surgical 
45 operation for preventing post operative bacterial infection. 

Formulation Example 3. (suspension) 

Microcrystalline (1 R,5S,6S)-2-[(3S,5R)-5-suJfamidooxyr^ R)-1-hydroxyethylr- 
so 1-rnemyi-1-carba-2-penerrv3-carboxylIc acid (2 g) In a 5 ml vial Is suspended In sterilized water (3 ml) for In- 
jection, and may be given intramuscularly twice a day to an adult patient suffering from suppurative inflamma- 
tion. 

Experiment Stability against human renal dehydropeptidase-1 

55 

A solution (1 uJ) of test carbapenem compound (50 \ig) in 50 mM-tris-hydrochloric acid buffer (pH 7.5: 1 
ml) is added to a solution of human renal dehydropeptidase-1 in 50mM tris-hydrochloric acid buffer (pH 7.5: 
0.33 unit/ml: 10 uJ), and the mixture is stirred at 37°C for 60 minutes. Th reaction is quenched with m thanol 

15 
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(10 uJ) and diluted with 0.1M phosphate buffer (pH 7.0: 80 uJ). The remaining anti-bacterial potency of this sol- 
ution is measured. 

Among compounds of formula l t Id (R = methan sulfbnylamino) showed 71 % and le (R = sulfamoyiamino) 
showed 78 % activity. 

In contrast, known compounds, (5R,6S)-2-form i midoylaminoe thylth k>6-[( 1 R>- 1 -hydroxyethyl]- 1 -carba-2- 
penem-3-carboxylic acid (imipenem), (5 R,6S>-2-[1-{1-acetoimidoyl)pyrrolidin-3-ylthio}-6-{(1R)-1 -hydroxye- 
thyl]carba-2-penem-3-carboxylic acid (CS533) and (1 R,5S,6S)-2-[(3S,5S)-5-dimethy1amincK^ 
din-3-ylmk)>6-[(1R)-1-hydroxyethy1>1-methy1-1-carba-2-c^ acid (Meropenem) showed val- 

ues of 51%, 48%, and 69%, respectively. 



(wherein R is optionally substituted amino; R 1 is hydrogen or 1C to 5C ally!; R 2 is hydrogen or a conven- 
tional hydroxy protective group; R 3 is hydrogen or an Imlno protective group or imino substituent; R 4 is 1C 
to 5C alkylene: and R 5 is hydrogen or a conventional carboxy protective group; and wavy lines each shows 
a bond in R or S configuration). 

2. A compound claimed in Claim 1 wherein the stereochemistry in the pyrrolidine ring is either in (2S.4R) r 
(2S,4S)-confkjuration. 



3. 


A compound 


claimed 


in 


Claim 


1 wherein 


R 1 is methyl. 


4. 


A compound 


claimed 


in 


Claim 


1 wherein 


R 4 is methylene. 


5. 


A compound 


claimed 


in 


Claim 


1 wherein 


R 2 is hydrogen or tri-1C to 4C alkylsDyl. 


6. 


A compound 


claimed 


in 


Claim 


1 wherein 


R 3 is hydrogen. 


7. 


A compound 


claimed 


in 


Claim 


1 wherein 


R 5 is hydrogen or alkali metal. 


8. 


A compound 


claimed 


in 


Claim 


1 wherein 


R is methanesulfonytamino, or sulfamoyiamino. 


9. 


A compound 


claimed 


in 


Claim 


1 wherein 





R is amino, R 1 Is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 Is hydrogen; 
R is acetytamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hydrogen; 
R Is carbonrtethoxyamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hy- 
drogen; 

R is methyl carbamoyiamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hy- 
drogen; 

R Is methanesuifonylamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 Is methylene, and R 5 Is hy- 
drogen; 

R is sulfamoyiamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R s is hydrogen; 
R Is methylamtno, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 Is methylene, and R 5 Is hydrogen; or 
R is ethylideneamino , R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 6 is hydrogen; 
or its alkali metal salt, provided that its stereochemistry at the pyrrolidine ring is (2S.4R)- or (2S,4S>-. 

10. A process for preparing a compound claimed in Claim 1 which comprises treating a carbapenem V or its 
reactive derivative with a thiol VI (R* Is h yd nog n) or its reactive derivative: 



Claims 



1. An aminooxypyrrolidinylthiocarbapenem compound of formula I and its salts: 



OR 2 R 1 
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15 



20 



25 



30 



35 



or2 r1 Ddnn 

O0OR5 V 



(wherein R, R 1 , R 2 , R 3 t R 4 , and R 5 are as defined tn Claim 1, R 6 is hydrogen or a thiol protective group, 
and X is a leaving group) and, if required, followed by removing of a protective group at R, R 1 , R 2 , R 3 , 
10 and/or R s . 

11. The process as claimed in Claim 9 wherein the product is subjected to modification at R or introduction 
of R 3 . 



12. The thiol of formula VI: 

(wherein R, R 3 , R 4 , and R 5 are as defined in Claim 9) which has been subjected to modification of R. 

13. A pharmaceutical formulation containing a compound claimed in any one of claims 1 to 9 as an active 
ingredient 

14. A pharmaceutical formulation according to Claim 13 which is useful as an antibacterial agent 
Claims for the following Contracting State : GR 

1. An aminooxypyrrolidinylthiocarbapenem compound of formula I and its salts: 

0R2 Rl 
A A R*OR 



COQRS 

(wherein R is optionally substituted amino; R 1 is hydrogen or 1C to 5C allyl; R 2 is hydrogen or a conven- 
40 tional hydroxy protective group; R 3 is hydrogen or an Imino protective group or imino substituent R 4 te 1C 

to 5C aikytene; and R 5 is hydrogen or a conventional carboxy protective group; and wavy lines each shows 
a bond in R or S configuration). 

2. A compound claimed in Claim 1 wherein the stereochemistry in the pyrrolidine ring is either in (2S.4R) or 
<5 (2S,4S)-configuration. 



so 



55 



3. 


A compound 


claimed 


in 


Claim 1 


wherein 


4. 


A compound 


claimed 


in 


Claim 1 


wherein 


5. 


A compound 


claimed 


in 


Claim 1 


wherein 


6. 


A compound 


claimed 


in 


Claim 1 


wherein 


7. 


A compound 


claimed 


in 


Claim 1 


wherein 


a. 


A compound 


claimed 


in 


Claim 1 


wherein 


9. 


A compound 


claimed 


in 


Claim 1 


wherein 
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R is amino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 6 is hydrogen; 
R is acetylamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hydrogen; 
R is carDomethoxyamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hy- 
drogen; 

R is methylcarbamoyiamino, R 1 ts methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hy- 
drogen; 

R is methanesulfonylamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hy- 
drogen; 

R is suffamoytamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hydrogen; 
R is methylamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hydrogen; or 
R is ethylideneamino , R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hydrogen; 
or its alkali metal salt, provided that its stereochemistry at the pyrrolidine ring is (2S.4R)- or (2S,4S)-. 

10. A process for preparing a compound claimed in Claim 1 which comprises treating a carbapenem V or its 
reactive derivative with a thiol VI (R 6 is hydrogen) or its reactive derivative: 

O00R5 V 

(wherein R, R 1 , R 2 t R 3 , R 4 , and R 5 are as defined in Claim 1, R 6 is hydrogen or a thiol protective group, 
and X is a leaving group) and, if required, followed by removing of a protective group at R, R 1 , R 2 , R 3 , 
and/or R 5 . 

11. The process as claimed in Claim 9 wherein the product is subjected to modification at R or introduction 
ofR 3 . 

12. The thiol of formula VI: 

(wherein R, R 3 , R 4 , and R 6 are as defined in Claim 9) which has been subjected to modification of R. 

13. A method for the preparation of a pharmaceutical composition comprising combin ing a compound accord- 
ing to any one of claims 1 to 9 with a pharmaceuticalty acceptable carrier. 

14. The method according to a aim 13 wherein the pharmaceutical composition prepared is useful as an an- 
tibacterial agent 

Claims for the following Contracting State : ES 

1. A process for preparing an aminooxypyrrolidinylthiocarbapenem compound of formula I and its salts: 

COQR 5 1 

(wherein R is optionally substituted amino; R 1 is hydrogen or 1C to SC alkyl; R 2 is hydrog n or a conven- 
tional hydroxy protective group; R 3 Is hydrog n or an hmlno protective group or bnlno substituent; R* is 1C 
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to 5C afkyfene; and R 6 is hydrogen or a conventional carboxy protective group; and wavy lines each sh ws 
a bond in R or S configuration) which comprises treating the carta penem V r its reactive derivativ with 
the thiol VI (R 5 is hydrogen) r its reactive d nvatrve: 

ODORS Y 

(wherein R, R 1 , R 2 , R 3 , R 4 t and R 5 are as defined above, R 8 is hydrogen or a thiol protective group, and 
X is a leaving group) and, if required, followed by removing of a protective group at R, R 1 , R 2 , R 3 , and/or 
Rs 

2. The process as claimed in Claim 1 wherein the product is subjected to modification at R or introduction 
of R 3 . 

3. A process according to Claim 1 wherein the stereochemistry in the pyrrolidine ring of the compound pre- 
pared is either In (2S.4R) or (2S.4S) configuration. 

4. A process according to Claim 1 wherein R\ in the compound prepared, is methyl. 

5. A process according to Claim 1 wherein R\ in the compound prepared, is methylene. 

6. A process according to Claim 1 wherein R 2 , in the compound prepared, is hydrogen or tri-1 C to 4C alkylsilyl. 

7. A process according to Claim 1 wherein R 3 , in the compound prepared, is hydrogen. 

8. A process according to Claim 1 wherein R 5 , in the compound prepared, is hydrogen or alkali metal. 

9. A process according to Claim 1 wherein R, in the compound prepared, is methanesulfonylamino or sulfa- 
moylamino. 

10. A process according to Claim 1 wherein, In the compound prepared, R is amino, R 1 is methyl, R 2 and R 3 
are hydrogens, R 4 is methylene, and R 5 is hydrogen; 

R is acetyiamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hydrogen; 
R Is carbomethoxyamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 Is methylene, and R 5 is hy- 
drogen; 

R is methylcarbamoyiamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hy- 
drogen; 

R ts methanesulfonylamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 6 is hy- 
drogen; 

R is sutfamoylamino, R* is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hydrogen; 
R is methylamino, R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 6 is hydrogen; or 
R is ethytideneamino , R 1 is methyl, R 2 and R 3 are hydrogens, R 4 is methylene, and R 5 is hydrogen; 
or its alkali metal salt, provided that its stereochemistry at the pyrrolidine ring is (2S.4R)- or (2S.4S)- which 
comprises treating the carbapenem V or its reactive derivative with the thiol VI (R 6 is hydrogen) or its re- 
active derivative: 



? l o4or 



odors 

(wh rein R, R 1 , R 2 , R 3 , R 4 , and R 5 are as defined abov , R° is hydrogen or a thiol protectiv group, and 
X is a leaving group) and, if required, followed by rem ving of a protective group at R, R\ R 2 , R 3 , and/or 
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A method for the preparation of a pharmaceutical composition comprising combining a compound pre- 
pared according to any one of claims 1 to 10 with a pharmaceutical^ acceptable carrier. 

A method according to claim 1 1 wherein the pharmaceutical composition is useful as an antibacterial com- 
position. 
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